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Description 

This invention relates to a vibration control system 
according to the precharacterizing part of claim 1 . 

Conventionally, a vibration control system of this 
kind has been proposed, e.g. by Japanese Provisional 
Patent Publications (Kokai) Nos. 59-23139 and 
59-65640, which comprises a vibration control assem- 
bly having an electrostrictive element arranged across 
a vibration-transmitting path, to which is applied voltage 
varying in synchronism with a repetition cycle of vibra- 
tions transmitted via the path to thereby absorb the vi- 
brations by causing electrostrictive strain of the electros- 
trictive element. 

According to this prior art. however, the electrostric- 
tive element per se can be very easily affected or even 
broken by the strain. To overcome this inconvenience, 
the vibration control assembly is constructed such that 
a pair of plates are arranged on both sides of the elec- 
trostrictive element and the plates are fastened by 
means of a bott to apply a compressive force (i.e. axial 
tension of the bolt) on the element. However, the vibra- 
tion control assembly with this construction suffers from 
a problem that load is repeatedly applied to the bolt with 
oscillatory displacement of the electrostrictive element, 
so that the bolt may be loosened or broken by fatigue, 
which makes it difficult or even impossible for the vibra- 
tion control assembly to support the vibration source. 
On the other hand. If the axial tensbn of the bolt is too 
weak, the electrostrictive element may undergo pealing- 
off and hence the assembly may be broken, which 
makes it impossible to support the vibration source, 
whereas if the axial tension of the bolt is too strong, the 
displacement of the element is limited by the axial ten- 
sion of the bolt, which prevents positive and accurate 
control of transmission of vibrations from the vibration 
source to the base on which the vibration source is sup- 
ported. 

From document GB-A-2222657 there is known a vi- 
bration control system according to the preamble part 
of claim 1 . The vibration source is supported by a base 
with a vibration control assembly disposed therebe- 
tween. The assembly comprises an intermediate body 
supported by the base by a resilient element. Disposed 
between the upper surface of the intermediate body and 
the inside horizontal surface of a cup-shaped structure 
are two pairs of constrictive driving members. Similarly 
disposed between each of the four edges of the inter- 
mediate body and the corresponding surface of the 
structure are four pairs of constrictive driving members. 
Further disposed between the lowest surface of the in- 
termediate body and the corresponding lower parts of 
the structure are two pairs of constrictive driving mem- 
bers. A number of prestressing bolts are fitted to the 
structure in order to prestress the respective driving 
members wherein the bolt passes through a hole in the 
intermediate body. 

This structure of the known vibration assembly is 



complicated and requires relatively large mounting 
space. In case one of said driving members breaks, 
there is a risk of the whole system failing. 

It is an object of the invention to provide a vibration 
s control system with simplified, compact structure with 
improved reliability. 

It is a further object of the invention to provide a vi- 
bration control system which is capable of supporting a 
vibration source in such a secure manner as to prevent 
10 the vibration source from falling off. and controlling the 
transmission of vibrations from the vibration source to 
the base in a positive and accurate manner 

It is a still further object of the invention to provide 
a vibration control system which has a vibration control 
IS assembly with a simplified construction, which allows 
displacement of driving members thereof through an in- 
creased stroke. 

To attain the above objects, the present invention 
provides a vibration control system for controlling trans- 
mission of vibrations from a vibration source to a base 
including a vibration control assembly having support 
means fixed to said vibration source, a pair of driving 
members deformable or displaceable in opposite direc- 
tions and by substantially the same amount in response 
to at least one control signal corresponding to said vi- 
brations from said vibration source, fastening means se- 
curing said support means and said driving members 
together, and control means for supplying said control 
signal to said driving members. The vibration control 
system according to the invention is characterized in 
that said pair of driving members hold said support 
means therebetween with one of said driving members 
being arranged between said support means and said 
base; and said fastening means extends through sa\d 
driving members and said support means from the side 
of the other driving member not being arranged between 
said support means and said base to said base to se- 
cure said driving members and said support means to 
said base. 

The claimed structure is sandwich-like and, there- 
fore, compact and robust, with the fastening means ex- 
tending through all its elements for fixing them directly 
to the base to fasten together the driving members and 
the support means. Even if one of the driving elements 
breaks, the whole structure will be held together by the 
only bolt. 

In one preferred form of the invention, the driving 
members each comprise a magnetostrictive element, a 
coil wound around the magnetostrictive element, and a 
permanent magnet placing the magnetostrictive ele- 
ment in a biasing magnetic field, the direction of winding 
of the coil of one of the driving members being opposite 
to that of winding of the coil of the other driving member, 
the direction of the biasing magnetic field generated by 
the permanent magnet of the one driving member being 
identical to that of the biasing magnetic field generated 
by the permanent magnet of the other driving member, 
the control means supplying the coils with control cur- 
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rents having substantiaity the same magnitude, as the 
at least one control signal. 

In another preferred form of the Invention, the driv- 
ing members each comprise a magnetostrictive ele- 
ment, a coil wound around the magnetostrictive ele- 
ment, and a permanent magnet placing the magneto- 
strictive element in a biasing magnetic field, the direction 
of winding of the coil of one the driving members being 
identical to that of winding of the coil of the other driving 
member, the direction of the biasing magnetic field gen- 
erated by the permanent magnet of the one driving 
member is opposite to that of the biasing magnetic field 
generated by the permanent magnet of the other driving 
member, the control means supplying the coils with con- 
trol currents having substantially the same magnitude 
as the at least one control signal. 

In another preferred form of the invention, the driv- 
ing members each comprise an electrostrictive element, 
the electrostrictive element being supplied with a control 
voltage as the at least one control signal, the control volt- 
age applied to one of the electrostrictive elements hav- 
ing the same absolute value with and being opposite in 
phase to the control voltage applied to the other elec- 
trostrictive element, the control means previously apply- 
ing a biasing charge to each of the electrostrictive ele- 
ments before supplying the control voltage thereto. 

Preferably, the electrostrictive element is formed of 
a laminate of electrostrictive elements. 

In another preferred form of the invention, the driv- 
ing members each comprise a negative-magnetostric- 
tive element having a characteristic that is contracts 
when placed in an magnetic field, a pair of magnetic 
members holding the negative- magnetostrictive ele- 
ment therebetween, and a coil wound around the neg- 
ative-magnetostrictive element, the control means sup- 
plying the coils with respective control currents, as the 
at least one control signal, separately from each other. 

Preferably, the coils are alternately supplied with 
the respective control currents per one cycle of a wave- 
form of the vibrations from the vibration source. 

More preferably, one of the magnetic members is 
formed by a portion of the support means. 

Further preferably, one of the magnetic members is 
formed by a portion of the base. 

Another embodiment of the invention is defined by 
the features of independent claim 13. 

Further advantageous embodiments of the present 
invention are described in the further subclaims 9 to 1 2 
and 14 to 17. 

The above and other objects, features, and advan- 
tages of the invention will become more apparent from 
the ensuing detailed description taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 Is a longitudinal cross-sectional view showing 
a vibration control assembly of a vibration control 



system according to a first embodiment of the in- 
vention; 

Fig. 2 is a perspective schematic exploded view 
showing the vibration control system, useful in ex- 
5 plaining a manner of connection between coils 
wound around a pair of magnetostrictive elements 
and a power supply; 

Fig. 3 is a circuit diagram showing the power supply 
and a controller; 
'0 Figs. 4a to 4e collectively form a timing chart in 
which: 

Fig. 4a shows a waveform of a vibration of an en- 
gine transmitted to the vibration control assembly 
according to the first embodiment; 
Fig. 4b shows a waveform of a control current sup- 
plied to the vibration control assembly; 
Fig. 4c shows a variation in the intensity of the mag- 
netic field generated by the vibration control assem- 
bly; 

20 Fig. 4d shows a variation in the magnetic flux den- 
sity of the magnetic field; and 
Fig. 4e shows a manners of displacement of a pair 
of driving members of the vibration control assem- 
bly; 

2S Figs 5a to 5e are diagrams which are useful in ex- 
plaining a manner of operation of the vibration con- 
trol assembly shown in Fig. 1 ; 
Fig. 6 is another diagram which is useful in explain- 
ing the manner of operation of the vibration control 

30 assembly shown in Fig. 1 ; 

Figs. 7a to 7e collectively form a timing chart in 
which: 

Fig. 7a shows a waveform of a vibration of an en- 
gine transmitted to the vibration control assembly 

3S of a vibration control system according to a second 
embodiment of the invention; 
Fig. 7b shows a waveform of a control current sup- 
plied to the vibration control assembly; 
Fig. 7c shows a variation in the intensity of the mag- 

40 netic field generated by the vibration control assem- 
bly; 

Fig. 7d shows a variation in the magnetic flux den- 
sity of the magnetic field; and 
Fig. 7e shows manners of displacement of a pair of 
45 driving members of the vibration control assembly; 
Fig. 8 is a longitudinal cross-sectional view showing 
a vibration control assembly of a vibration control 
system according to a third embodiment of the in- 
vention; 

so Fig. 9 is a circuit diagram showing an electric charge 
control circuit and a controller used in the vibration 
control assembly according to the third embodi- 
ment; 

Figs 10a to lOd collectively form a timing chart in 
55 which: 

Fig. 10a shows a waveform of a vibration of an en- 
gine transmitted to the vibration control assembly 
according to the third embodiment; 
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Fig. 1 0b shows a waveform of a control voltage ap- 
plied to the vibration control assembly; 
Fig. 1 0c shows a variation in the electric charge ac- 
cumulated in the vibration control assembly; and 
Fig. 10d shows manners of displacement of a pair 
of driving members of the vibration control assem- 
bly; 

Fig. 11 is a longitudinal cross-sectional view show- 
ing a vibration control assembly of a vibration con- 
trol system according to a fourth embodiment of the 

invention; 

Fig. 1 2 is a circuit diagram showing a power supply 
for supplying a control current to coils appearing in 
Fig. 1 1 , and an electronic control unit for controlling 
the supply of the control current to the coils; 
Figs. 1 3a and 1 3b collectively form a timing chart in 
which: 

Fig. 1 3a shows a waveform of a control current sup- 
plied to one of the coils appearing in Fig. 11; and 
Fig. 1 3b shows a waveform of a control current sup- 
plied to the other of the coils appearing in Fig. 11 ; 
Figs. 1 4a and 1 4b collectively form a timing chart in 
which: 

Fig. 14a shows variations in magnetic flux density 
generated by the coils in Fig. 11; and 
Fig. 14b shows displacement of driving members 
comprised of negative-magnetostrictive elements; 
Figs 15a to 15e are diagrams similar to Figs. 5a to 
5e, which are useful in explaining a manner of op- 
eration of the vibration control assembly shown in 
Fig. 11; 

Fig. 16 is a longitudinal cross-sectional view show- 
ing a vibration control assembly according to a first 
variation of the fourth embodiment; 
Fig. 17 is a longitudinal cross-sectional view show- 
ing a vibration control assembly according to a sec- 
ond variation of the fourth embodiment; and 
Fig. 1 8 is a schematic fragmentary view showing an 
automotive vehicle incorporating a vibration control 
system according to the invention as an active vi- 
bration control system. 

DETAILED DESCRIPTION 

The invention will now be described in detail with 
reference to drawings showing embodiments thereof. 

Referring first to Fig. 1 there Is shown a vibration 
control assembly of a vibration control system according 
to a first embodiment of the invention. The vibration con- 
trol system is used in an automotive vehicle for control- 
ling vibrations from a vehicle engine to a chassis of the 
vehicle. In the figure, reference numeral 1 designates 
the vibration control assembly in the form of an engine 
mount holding an engine, not shown, onto a chassis of 
an automotive vehicle on which the engine is installed. 
The engine mount controls the transmission of vibra- 
tions from the engine to the vehicle chassis. 

As shown in Fig. 1 , the vibration control assembly 
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1 comprises a pair of upper and lower driving members 
2, 3 which expand and contract in such a manner that 
when one of them expands, the other contracts to the 
same extent as the former at the same time, and when 

5 the former contracts, the latter expands to the same ex- 
tent as the former at the same time, in response to a 
control signal supplied thereto from external control 
means responsive to vibrations from the engine. The 
driving members 2. 3 are arranged such that they hold 
10 therebetween a bracket (support means) 4 fixed to the 
engine for supporting the engine, and the lower driving 
member 3 is located between the bracket 4 and a base 

5 fixed to the vehicle chassis. The upper and bwer driv- 
ing members 2, 3 and the bracket 4 are secured to the 
base 5 by a bolt (fastening means) 6 extending through 
the driving members 2, 3 and the bracket 4. A dished 
member 7 is interposed between the head of the bolt 6 
and an upper end face of the upper driving member 2 
for allowing pressure to be evenly applied to the upper 
end face of the upper driving member 2. The dished 
member 7 is pressed downward by the head of the bolt 

6 to apply a compressive force to the upper and lower 
driving members. In the present embodiment, the lower 
driving member 3 located between the bracket 4 and the 
base 5 is controlled to expand and contract in the same 
phase with the vibration of the engine. More specifically, 
when the bracket 4 is displaced upward to increase the 
distance between the bracket 4 and the base 5 due to 
vibration of the engine, the lower driving member 3 ex- 
pands, whereas when the bracket 4 is displaced down- 
ward to decrease the distance, it contracts. 

The upper and lower driving members 2, 3 are com- 
prised of magnetostrictive elements 21, 31, coils 22, 32 
wound around the elements 21 , 31 . permanent magnets 
23, 33 placing the elements 21, 31 in biasing magnetic 
fields, and upper casings and lower casings 24, 34, 25, 
35 cooperatively forming magnetic circuits. The direc- 
tion of winding of the coil 22 of the upper driving member 

2 is opposite to that of the coil 32 of the lower driving 
member 3, as shown in Fig. 2. The biasing magnetic 
fields generated by the permanent magnets 23, 33 have 
the same direction and intensity. The intensity of the bi- 
asing magnetic fields is set to such a value as to cause 
the magnetostrictive elements 21 , 31 to be resiliently de- 
formed to approximately half the maximum elastic de- 
formation (the maximum elongation) of the elements 21 , 
31. Thus, the magnetostrictive elements 21, 31 can be 
expanded or contracted from reference positions to 
which they are normally resiliently deformed by the bi- 
asing magnetic fields generated by the permanent mag- 
nets 23, 33. 

The coils 22, 32 of the upper and lower driving mem- 
bers 2, 3 having the above construction are supplied 
from a common power supply 8 with control currents 
(Fig. 4b) having substantially the same waveform as that 
of the engine vibration (Fig. 4a) to generate magnetic 
fields having the same intensity commensurate with the 
control currents supplied thereto and opposite direc- 
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tions, whereby the magnetostrictrve elements 21, 31, 
are displaced in opposite manners, i.e. one expands 
when the other cx)ntracts, while the former contracts 
when the latter expands, to the same degree from the 
aforementioned reference positions. In this connection, 
the displacement of the magnetostrictive elements 21; 
31 in a direction expanding from the respective refer- 
ence positions Is defined as a positive displacement, 
whereas the displacement of same in a direction con- 
tracting from the respective reference positions Is de- 
fined as a negative displacement, throughout the spec- 
ification. 

The power supply 8 Is controlled by a controller 9 
so as to supply the control currents (Fig. 4b) having sub- 
stantially the same waveform as the engine vibration 
(Fig. 4a) to the coils 22, 32. The controller 9 is provided 
with first and second comparator circuits 91 , 92, shown 
in Fig. 3, referred to hereinafter. 

As shown in Fig. 3, the power supply 8 comprises 
first and second power supply circuits 81, 82, and ex- 
ternal terminals 8a to 8n. The first power supply circuit 
81 is formed of four switching transistors Ti to T4. Sourc- 
es of the transistor T^ and the transistor T3 are connect- 
ed to each other at a junction , which in turn is con- 
nected via the extemal terminal 8a to the positive side 
of a storage battery, not shown, installed on the vehicle. 
Drains of the transistor Tg and the transistor T4 are con- 
nected to each other at a junction Cg. which in tum is 
grounded via the external terminal 8d. A drain of the 
transistor T^ and a source of the transistor T4 are con- 
nected to each other at a junction C3, while a drain of 
the transistor T3 and a source of the transistor Tg at a 
junction C4. The junctions C3 and C4 are connected to 
one end and the other end of the coil 22 of the upper 
driving member 2, respectively. A magnetic flux-detect- 
ing coil 26 is wound around the magnetostrictive ele- 
ment 21 of the upper driving member 2 in the same di- 
rection as the coil 22 for detecting the magnetic flux gen- 
erated by the coil 22. One end of the detecting coil 26 
Is grounded, while the other end of same Is connected 
to the extemal terminal 8e. Gates of the transistors T^ 
and T2 are connected to the external terminals 8b and 
8f , respectively, which in tum are connected to an output 
terminal 91a of the first comparator circuit 91 via a line 
hi, a line h3, and an output circuit, not shown, of the 
controller 9, and via a line hg, the line h3, and the output 
circuit of the controller 9, respectively. Gates of the tran- 
sistors T3 and T4 are connected to the external terminals 
8g and 8c, respectively, which in turn are connected to 
an output terminal 91b of the first comparator circuit 91 
via a line h4, a line hg, and the output circuit of the con- 
troller 9, and via a line h^, the line h^, and the output 
circuit of the controller 9, respectively. The extemal ter- 
minal 8e is connected to an input terminal 91c of the 
comparator circuit 91 via a line h7 and an input circuit, 
not shown, of the controller 9. 

The second power supply circuit 62 has a construc- 
tion similar to that of the first power supply circuit 61. 
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More specifically, It has four switching transistors T^' to 
T4' connected to each other in the same manner as 
those of the first power supply circuit 81 . It has a junction 
C^* connected to the positive side of the storage battery 
s of the vehicle via the extemal terminal 8h, and a junction 
C2 grounded via the external terminal 8k. It also has 
junctions C3' and C4' connected to one end and the other 
end of the coil 32 of the tower driving member 3, respec- 
tively. A magnetic flux-detecting coil 36 Is also wound 
10 around the magnetostrictive element 31 in the same di- 
rection as the coil 32 for detecting the magnetic flux gen- 
erated by the coil 32. The detecting coil 36 has one end 
thereof grounded, and the other end thereof connected 
to the external terminal 8/ Gates of the transistors T^ ' 
and T2' are connected to the external terminals 8i and 
8m, respectively, which In turn are connected to an out- 
put terminal 92a of the second comparator circuit 92 via 
a line Uq, a line h^Q, and the output circuit of the controller 
9, and via a line h9, the line h^Q, and the output circuit 
of the controller 9, respectively. Gates of the transistors 
T3 and T4 are connected to the external terminals 8n 
and 8j, respectively, which in turn are connected to an 
output terminal 92b of the second comparator circuit 92 
via a line h^^, a line h-ig, and the output circuit of the 
controller 9, and via a line h^g' ^"13' ^nd the out- 

put circuit of the controller 9, respectively. The external 
terminal 8/ is connected to an input terminal 92c of the 
second comparator circuit 92 via a line hi4 and the Input 
circuit of the controller 9. 

The first and second comparator circuits 91 and 92 
have input terminals 91 d and 92d by way of which a ref- 
erence signal indicative of the waveform of the engine 
vibration (Fig. 4a) synchronous with the rotation of the 
engine is supplied via the output circuit of the controller 
9 to the comparator circuits 91 , 92. Responsive to the 
reference signal, the comparator circuits 91 and 92 out- 
put ON-OFF control signals in the following manner: 
Since the magnetostrictive elements 21, 31 are dis- 
placed from the respective reference positions thereof 
by amounts proportional to the magnetic fluxes gener- 
ated by the coils 22, 32, the magnetic fluxes are calcu- 
lated based on the induced current flowing through the 
detecting coils 26, 36, and then the phase and amplitude 
of each of the control currents (Fig. 4b) calculated based 
on the thus-calculated magnetic fluxes are compared 
with the phase and amplitude of the reference signal, 
whereby the ON-OFF pulse signals are supplied from 
the comparator circuits 91 and 92 via the output termi- 
nals 91a, 91b, 92a, 92b, and pulse-width-modulation 
(PWM) control is effected by the transistors T^ to T4 and 
T^' to T4' according to the pulse widths of the ON-OFF 
pulse signals so as to make the waveforms of the control 
currents equal to the waveform of the reference signal. 
In other words, as the pulse duration of each of the pulse 
signals from the output terminals 91a, 92b of the com- 
parator circuits 91 , 92 increases, the amount of a corre- 
sponding one of electric currents flowing from the junc- 
tions C3, C3' toward the junctions C4, C^increases, 
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thereby increasing the amounts of electric currents flow- 
ing through the coils 22, 32, whereas as the pulse du- 
ration of each of the pulse signals from the output ter- 
minals from the output terminals 91 b. 92b increases, the 
amount of the corresponding one of the electric currents 
flowing from the junctions C4, C4' toward the junctions 
C3, C3' increases, thereby decreasing the amounts of 
electric currents flowing through the coils 22, 32. 

Thus, the transistors to T4 and T^' to T^of the 
power supply circuits 81, 82 effect PWM control In re- 
sponse to the ON-OFF pulse signals from the compa- 
rator circuits 91 , 92, to supply the control currents (Fig. 
4b) having substantially the same waveform as that of 
the engine vibration from the power supply circuits 81, 
82 to the coils 22, 32 of the driving members 2, 3. 

The invention is thus implemented In the first em- 
bodiment so that the control currents corresponding to 
the engine vibration are supplied to the coils 22, 32 of 
the driving members 2, 3 whereby the magnetostrictive 
element 21 of the upper driving member 2 is caused to 
expand and contract in opposite phase but with the 
same amplitude with the waveform of the engine vibra- 
tion, and at the same time the magnetostrictive element 
31 of the lower driving member 31 is caused to expand 
and contract in the same phase and with the same am- 
plitude as the waveform of the engine vibration. 

Next, the operation of the vibration control system 
according to the first embodiment will be described: 

When the reference signal having a wavefomn in- 
dicative of the waveform of the engine vibration (Fig. 4a) 
is supplied through the input terminals 91 d, 92d to the 
comparator circuits 91 , 92 of the controller 9, the afore- 
mentioned PWM control is effected to supply the control 
currents having a waveform which is substantially iden- 
tical to that of the engine vibration (Fig. 4b) to the coils 
22, 32 of the upper and lower driving members 2, 3 from 
the power supply circuits 82 81 , respectively. 

When the coils 22, 32 of the driving members 2, 3 
are energized by these control currents substantially 
identical to each other, the magnetic field generated by 
the coil 22 of the upper driving member 2 varies as in- 
dicated by the broken line in Fig. 4c with reference to 
the biasing magnetic field generated by the permanent 
magnet 23, whereas the magnetic field generated by the 
coil 32 of the lower driving member 3, which is wound 
around the magnetostrictive element 31 in the opposite 
direction to that of the coil 22 varies as indicated by the 
solid line in Fig. 4c with reference to the biasing mag- 
netic field generated by the permanent magnet 33. Ac- 
cordingly, the magnetic flux density in the vicinity of the 
coil 22 and that in the vicinity of the coil 32 vary as indi- 
cated by the broken line and the solid line in Fig. 4d, 
respectively. 

As the magnetic fields generated by the colls 22, 32 
of the driving members 2, 3 vary in the above-mentioned 
manners, the magnetostrictive element 21 of the upper 
driving member 2 expands and contracts In the opposite 
phase and with the same amplitude with the control sig- 



nal supplied to the coil 22 as indicated by the broken 
line in Fig. 4e, whereas the magnetostrictive element 31 
of the tower driving member 3 expands and contracts in 
the same phase and with the same amplitude as the 

s control signal supplied to the coil 32 as indicated by the 
solid line in Fig. 4e. That is, the magnetostrictive ele- 
ment 31 of the lower driving member 3 arranged be- 
tween the bracket 4 and the base 5 expands and con- 
tracts in the same direction and by the same amount as 

10 the displacement of the bracket 4 caused by the engine 
vibration, whereas the magnetostrictive element 21 of 
the upper driving member 2 expands and contracts in 
the opposite manner to that of the magnetostrictive el- 
ement 31 of the lower driving member 3. 

^5 The magnetostrictive element 31 of the lower driv- 
ing member 3 expands and contracts in the same direc- 
tion and by the same amount as the displacement of the 
bracket 4 caused by the engine vibration, In other words, 
the magnetostrictive element 31 expands as the dis- 

20 tance between the bracket 4 and the base 5 increases 
due to upward displacement of the bracket 4, and the 
element 31 contracts as the above distance decreases 
due to the downward displacement of the bracket 4 (Figs 
5a to 5e and Fig. 6), to vary the size of the lower driving 

2S member 3, i.e. the distance between the lower end face 
of the lower casing 35 and the upper end surface of the 
upper casing 34, which prevents the engine vibration 
from being transmitted from the bracket 4 (support 
means) fixed to the engine (vibration source) to the base 

30 5 fixed to the chassis of the vehicle. 

Further, the magnetostrictive element 21 of the up- 
per driving member 2 and the magnetostrictive element 
31 of the lower driving member 3 expand and contract 
in the opposite manners and to the same degree so as 

3S to compensate for expansion and contraction of their 
counterparts. That is, when the magnetostrictive ele- 
ment 31 expands, the magnetostrictive element 21 con- 
tracts to a degree matching the degree of expansion of 
the element 31, whereas when the former element 31 

40 contracts, the latter element 21 expands to a degree 
matching the degree of contraction of the former ele- 
ment 31 (Figs. 5a to 5e and Fig. 6). As a result, the total 
length L of the three members, i.e. the driving members 
2, 3 and the bracket 4 always assumes the same value, 

45 which prevents the dished spring 7 and the bolt 6 from 
being exposed to repeated application of load. There- 
fore, it is possible to avoid loosening of the bolt 6 or 
breakage thereof due to fatigue, prolonging the life 
thereof, and hence positively hold the engine (vibration 

so source) on the chassis of the vehicle. The fastening 
force of the bolt 6 is applied as a compressive force to 
the magnetostrictive elements 21, 31 via the dished 
member 7. Since the aforementioned total length L is 
constant, the fastening force of the bolt 6 is also con- 

55 stant, which inhibits the displacement of the magneto- 
strictive elements 21 , 31 from being restricted by the 
compressive force, so that the magnetostrictive ele- 
ments 21 , 31 of the driving members 2, 3 can expand 
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and contract without being adversely affected by the 
compressive force in response to the control currents 
supplied to the coils 22, 32. This enables positive and 
accurate control of the transmission of the engine vibra- 
tion from the bracket 4 to the base 5. 

Further, since the compressive force, which Is ob- 
tained from the fastening force of the bolt 6, acts on the 
magnetostrictive elements 21 , 31 of the driving mem- 
bers 2, 3, no stretching force acts on the elements 21. 
31 , so that peeling off or breakage of the elements 21 , 

31 is prevented, prolonging the life of the elements 21, 
31. 

Although the first embodiment described abo^e em- 
ploys the first and second comparator circuits 91 . 92 
provided in the controller 9, this is not limitative, but first 
and second adaptive control means may be used, which 
calculate magnetic fluxes from induced currents flowing 
through the detecting coils 26, 36, and continuously de- 
tect differences in the phase and amplitude between the 
displacement of the bracket 4 and the displacement of 
the magnetostrictive elements 21, 31, based on the 
magnetic fluxes calculated and the reference signal 
supplied through the input terminals 91d, 92d and hav- 
ing a waveform representative of the waveform of the 
engine vibration, whereupon ON-OFF pulse signals are 
supplied through the output terminals 91a, 91b, 92a, 
92b to the power supply circuits 81 , 82 so as to minimize 
the above differences. In this case as well, the transis- 
tors to T4 and T^' to T4' of the power supply circuits 
81 , 82 effect PWM control according to the pulse width 
or duration of the ON-OFF pulse signals, whereby the 
magnetostrictive element 21 of the upper driving mem- 
ber 2 expands and contracts in opposite phase and with 
the same amplitude with the waveform of the engine vi- 
bration (i.e. the waveform of displacement of the bracket 
4 caused by the engine vibration), and at the same time 
the magnetostrictive element 31 of the lower driving 
member 3 contracts and expands in the same phase 
and with the same amplitude as the waveform of the en- 
gine vibration. 

Next, a second embodiment of the invention will be 
described with reference to Figs. 7a to 7e. 

The second embodiment is distinguished from the 
first embodiment described above in that the coils 22, 

32 of the driving members 2, 3 are wound around the 
magnetostrictive elements 21 , 31 in the same direction 
but the biasing magnetic fields are generated by the per- 
manent magnets 23, 33 in directions opposite to each 
other (Fig. 7c), and at the same time, similarly to the first 
embodiment, control currents having substantially the 
same waveform (Fig. 7b) are supplied to the coils 22, 
32 from the power supply circuits 81 , 82. In this connec- 
tion, the magnetostrictive elements have a characteris- 
tic that the amount of displacement of the elements de- 
pends on the absolute value of the intensity of a mag- 
netic field in which it is placed but not on the direction 
of the magnetic flux of the field. Therefore, if such per- 
manent magnets are provided as will generate biasing 



magnetic fields which are equal to each other in the ab- 
solute value of Intensity thereof, in the second embodi- 
ment as well, the magnetostrictive elements 21 , 31 are 
capable of expanding and contracting in opposite man- 
s ners from respective predetermined reference positions 
set by the biasing magnetic fields, similarly to the first 
embodiment 

According to the second embodiment, when the ref- 
erence signal representative of the waveform of the en- 
gine vibration as shown in Fig. 7a is supplied through 
the input terminals 91 d, 92d to the first and second com- 
parator circuits 91, 92 of the controller 9 shown In Fig. 
3, the PWM control is effected in the same manner as 
described above with respect to the first embodiment, 
so that the control currents (Fig. 7b) having substantially 
the same waveform as that of the engine vibration (Fig. 
7a) are supplied from the power supply circuit 81 to the 
coil 22 of the upper driving member 2, and from the pow- 
er supply circuit 82 to the coil 32 of the lower driving 
member 3. 

When the coils 22, 32 of the driving members 2, 3 
are energized by such substantially identical control cur- 
rents, the magnetic field generated by the coil 22 of the 
upper driving member 2 wound around the magneto- 
strictive element 21 varies as indicated by the broken 
line in Fig. 7c with reference to the biasing magnetic field 
generated to bias the magnetostrictive element 21 In a 
negative direction by the permanent 23, while the mag- 
netic field generated by the coil 32 of the lower driving 
member 3 wound around the magnetostrictive element 
31 In the same direction as the coil 22 varies as indicated 
by the solid line In Fig. 7c in the same phase with the 
control current and the magnetic flux density generated 
by the coll 22 with reference to the biasing magnetic field 
having the same absolute value of intensity as the bias- 
ing magnetic field generated by the permanent magnet 
23. which is generated to bias the magnetostrictive ele- 
ment 31 in a positive direction. In this connection, the 
magnetic flux density In the vicinity of the coll 22 varies 
as indicated by the broken line In Fig. 7d, while that in 
the vicinity of the coil 32 as indicated by the solid line in 
Fig. 7d. 

Thus, the magnetostrictive elements 21 , 31 are bi- 
ased In directions opposite to each other by the biasing 
nnagnetic fields having the same absolute value of in- 
tensity and generated in directions opposite to each oth- 
er, and the magnetic fields generated by the coils 22, 32 
vary in the same phase as shown In Fig. 7c, so that the 
elements 21, 31 expand and contract from the prede- 
tennined reference positions thereof to which they are 
resiliently deformed by the biasing magnetic fields, in 
manners opposite to each other as in the case of the 
first embodiment. That is, the magnetostrictive element 
21 of the upper driving member 2 expands and contracts 
in the phase opposite to that of the control current sup- 
plied to the coll 22 and with amplitude proportional to 
that of same, as indicated by the broken line in Fig. 7e 
whereas the magnetostrictive element 31 of the lower 
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driving member 3 contracts and expands in phase iden- 
tical to that of the control current supplied to the coil 32 
and with amplitude proportional to that of same, as In- 
dicated by the solid line in Fig. 7e. 

Thus, according to the second embodiment, simi- 
larly to the first embodiment, the magnetostrictive ele- 
ment 31 of the lower driving member 3 expands and 
contracts in the same direction and by the same amount 
as the displacement of the bracket 4 caused by the en- 
gine vibration to thereby control the transmission of the 
engine vibration from the bracket 4 (support means) 
fixed to the engine (vibration source) to the base 5 fixed 
to the chassis of the vehicle. Further, the magnetostric- 
tive element 21 of the upper driving member 2 and the 
magnetostrictive element 31 of the lower driving mem- 
ber 3 expand and contract in such opposite manners as 
compensates for the expansion and contraction of their 
counterparts, i.e. in opposite directions to and by the 
same amount will each other (Figs 5a to 5e and Fig. 6), 
the total length L of the three members of the driving 
members 2, 3 and the bracket 4 remains constant. 

Next, a third embodiment of the invention will be de- 
scribed. 

Fig. 8 shows a vibration control assembly of a vi- 
bration control system according to the third embodi- 
ment of the invention. 

The vibration control assembly shown in Fig. 8 com- 
prises a pair of driving members 20, 30 each formed of 
a laminate of electrostrictive elements (hereinafter re- 
ferred to as "the electrostrictive laminate") 20a, 30a. The 
driving members 20, 30 are arranged in such a manner 
that they hold therebetween the bracket (support 
means) 4 fixed to the engine, and at the same time, the 
lower one 30 is interposed between the bracket 4 and 
the base 5 fixed to the chassis of the vehicle. The driving 
members 20, 30 have their electrostrictive laminates 
20a, 30a supplied with the same amount of biasing elec- 
tric charge from a charge control circuit 80, described 
hereinafter. The amount of biasing electric charge is set 
to such a value as will deform each of the electrostrictive 
laminates 20a, 30a to approximately half of the maxi- 
mum elastic deformation (the maximum elongation). 
The electrostrictive laminates 20a, 30a are additionally 
supplied with control voltages, as control signals, which 
are opposite in phase and equal to each other in the 
absolute value thereof, from the charge control circuit 
80, whereby the electrostrictive laminates 20a, 30a ex- 
pand and contract according to the control voltages in 
opposite manners and to degrees compensating for the 
amount of deformation of their counterparts from prede- 
termined reference positions thereof to which they are 
normally biased by the biasing electric charge, respec- 
tively. 

Fig. 9 shows details of the charge control circuit 80, 
which normally supplies the biasing electric charges to 
the electrostrictive laminates 20a, 30a, and additionally 
applies the control voltages thereto to thereby control 
the electric charges held thereon. The charge control 



circuit 80 is controlled by the controller 9. 

As shown in Fig. 9, the charge control circuit 80 
comprises four switching transistors T^Q' ^20. T30, and 
T40. two charging resistances R^, R2, two discharging 
s resistances R3, R4, charge-monitoring capacitors 83, 84 
for monitoring the electric charges held by the electros- 
trictive laminates 20a. 30a, and external terminals 80a 
to 80h. The transistors T^q, T20 have their sources con- 
nected to each other at a junction C10. which in turn is 
10 connected via the external terminal 80a to the positive 
side of the storage battery carried by the vehicle, spe- 
cifically, the output side of a positive power source which 
supplies an output voltage of approximately 500 V ob- 
tained by boosting the supply voltage of the storage bat- 
tery. The transistors T30. T40 have their drains connect- 
ed to each other at a junction C20. which in turn is con- 
nected via the external terminal 80d to the negative side 
of the storage battery, specifically, the output side a neg- 
ative power source which supplies an output voltage of 
- 100 V obtained by dropping the supply voltage of the 
storage battery. The transistor T-,o» the resistance R^, 
the resistance R3, and the transistor T30 are connected 
in series between the positive side and the negative side 
of the storage battery, while the transistor TgQ, the re- 
sistance R2, the resistance R4, and the transistor T40 
are connected in series therebetween. The electrostric- 
tive laminate 20a and the capacitor 83 are serially con- 
nected, while the electrostrictive laminate 30a and the 
capacitor 84 are serially connected. The electrostrictive 
laminate 20a has one end thereof connected to a junc- 
tion C30 of the resistance R^ with the resistance R3, 
while the electrostrictive element 30a has one end 
thereof connected to a junction C40 of the resistance R2 
with the resistance R4. The capacitors 83, 84 have re- 
spective one ends thereof grounded. The transistors 
T^o> "Tao *^3ve their respective gates connected via the 
external terminals 80b, 80c, lines h2o> ^2^' ^^^^ via 
the output circuit, not shown, of the controller 9 to output 
terminals 91a, 91b of a first comparator circuit 91. The 
transistors T20, T4Q have their respective gates connect- 
ed via the external terminals 80h, 80g, lines h22, h23, 
and both via the output circuit, not shown, of the con- 
troller 9 to output terminals 92a, 92b of a second com- 
parator circuit 92. Further, a junction C50 of the electros- 
trictive laminate 20a with the capacitor 83 is connected 
via the external terminal 80e, a line h24 and the input 
circuit of the controller 9 to an input terminal 91c of the 
first comparator circuit 91, while a junction C^q of the 
electrostrictive laminate 30a with the capacitor 84 is 
connected via the external terminal 60f, a line h25 and 
the input circuit of the controller 9 to an input terminal 
92c of the second comparator circuit 92. 

The input terminals 91 d, 92d of the first and second 
comparator circuits 91 , 92 are supplied with a reference 
signal indicative of the waveform of the engine vibration 
(Fig. 10a), which Is synchronous with the rotation of the 
engine, via an input circuit, not shown, of the controller 
9. Responsive to the reference signal, the comparator 
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circuits 91 and 92 output ON-OFF pulse signals in the 
following manner: Since the electrostrictive laminates 
20a. 30a are displaced from the respective reference 
positions thereof by anrtounts proportional in proportion 
to the varying amounts of electric charges held by them, 
the amounts of electric charge stored in the charge- 
monitoring capacitors 83, 84, which are equal to those 
held by the electrostrictive laminates 20a, 30a, are cal- 
culated based on potentials at the junctions G50, C^o de- 
tected via the line lines h24, h25, respectively. Based 
on the varying amounts of electric charges stored in the 
capacitors, the control voltages (Fig. 10b) are calculat- 
ed, and then the phase and amplitude of each of the 
waveforms of the control voltages are compared with 
the phase and amplitude of the waveform of the refer- 
ence signal, whereby the ON-OFF pulse signals are 
supplied from the comparator circuits 91 and 92 via the 
output terminals 91a, 91b. 92a, 92b. and PWM control 
is effected by the transistors to T4 according to the 
widths of the ON-OFF pulse signals, so as to make the 
waveform of the control voltage applied to the electros- 
trictive laminate 30a equal to the waveform of the refer- 
ence signal and that of the control voltage applied to the 
electrostrictive laminate 20a opposite in phase to that of 
the reference signal. As the pulse durations of the pulse 
signals from the output terminals 91a, 92b of the com- 
parator circuits 91 , 92 increase, the electrostrictive lam- 
inates 20a. 30a are charged with larger amounts of elec- 
tricity to increase the electric charges held thereby, 
whereas as the pulse durations of the pulse signals from 
the output terminals from the output terminals 91b, 92b 
increase, the electrostrictive laminates discharge larger 
amounts of electricity to decrease the electric charges 
held thereby. 

Further, the comparator circuits 91 , 92 output other 
ON-OFF pulse signals via the respective output termi- 
nals 91 a, 91 b, 92a, 92b, to make the electric charges of 
the electrostrictive laminates equal to the above-men- 
tioned biasing electric charges. When the electric charg- 
es held by the electrostrictive laminates 20a, 30a be- 
come equal to the biasing electric charges, all the four 
transistors TgQ, T30 and T40 are turned off, to there- 
by maintain the biasing electric charges held by the elec- 
trostrictive laminates. 

Thus, the transistors q to T40 of the charge control 
circuit 80 carry out PWM control in response to the ON- 
OFF pulse signals from the comparator circuits 91 , 92, 
to allow the charge control circuit 80 to supply a control 
voltage indicated by the broken line in Fig. 10b, which 
is in opposite phase to the waveform of the engine vi- 
bration and with the same amplitude therewith, to the 
electrostrictive laminate 20a of the upper driving mem- 
ber 20, and a control voltage indicated by the solid line 
in the figure, which is in the same phase to the waveform 
of the engine vibration and with the same amplitude 
therewith, to the electrostrictive laminate 30a of the low- 
er driving member 30 

Next, the operation of the vibration control system 



constructed as above will be described; 

When the input terminals 91 d, 92d of the compara- 
tor circuits 91, 92 of the controller 9 are supplied with 
the reference signal indicative of the waveform of the 
s engine vibration as shown in Fig. 1 0a, the charge control 
circuit 80 applies the control voltage as indicated by the 
broken line in Fig. 10b to the electrostrictive laminate 
20a of the upper driving member 20, and the control volt- 
age as in dicated by the solid tine in Fig. 1 0c to the elec- 
trostrictive laminate 30a of the lower driving member 30. 

Upon application of the control voltages to the elec- 
trostrictive laminates 20a, 30a, the electric charge 
stored in the electrostrictive laminate 20a of the upper 
driving member 20 varies as indicated by the broken line 
in Fig. 10c, while the electric charge stored in the elec- 
trostrictive laminate 30a of the lower driving member 30 
varies as indicated by the solid line in the figure. Accord- 
ingly, the electrostrictive laminate 20a expands and con- 
tracts in phase opposite to and with amplitude commen- 
surate with that of the control voltage applied thereto, 
as indicated by the broken line in Fig. lOd, whereas the 
electrostrictive laminate 30a expands and contracts in 
phase identical to and with amplitude commensurate 
with that of the control voltage applied thereto, as indi- 
cated by the solid line in Fig. lOd. In short, the electros- 
trictive laminate 30a of the lower driving member 30 ar- 
ranged between the bracket 4 and base 5 expands and 
contracts in the same direction and by the same amount 
as the displacement of the bracket caused by the engine 
vibration, whereas the electrostrictive laminates 20a of 
the upper driving member 20 expands and contracts in 
manners opposite to the electrostrictive laminate 30a of 
the lower driving member 30. 

The electrostrrctive laminate 30a of the lower driv- 
ing member 30 expands and contracts in the same di- 
rection and by the same amount as the displacement of 
the bracket 4 caused by the engine vibration, similarly 
to the magnetostrictive element 31 of the first embodi- 
ment, in other words, the electrostrictive laminate 30a 
expands as the distance between the bracket 4 and the 
base 5 increases due to upward displacement of the 
bracket 4, and the laminate 30a contracts as the above 
distance decreases due to downward displacement of 
the bracket 4, to thereby prevent the engine vibration 
from being transmitted from the bracket 4 (support 
means) fixed to the engine (vibration source) to the base 
5 fixed to the chassis of the vehicle. 

Further, according to the present embodiment, sim- 
ilarly to the first embodiment, the electrostrictive lami- 
nate 20a of the upper driving member 20 and the mag- 
netostrictive laminate 30a of the lower driving member 
30 expand and contract In the opposite manners and to 
the same degree so as to compensate for expansion 
and contraction of their counterparts. That is, when the 
electrostrictive element 30a expands, the magnetostric- 
tive element 20a contracts to a degree matching the de- 
gree of expansbn of the element 30a, whereas when 
the former element 30a contracts, the latter element 20a 
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expands to a degree matching the degree of contraction 
of the former element 30a. As a result, the total length 
L of the three members, I.e. the driving members 20, 30 
and the bracket 4 remains constant, which prevents the 
dished spring 7 and the bolt 6 from being exposed to 
repeated application of load. Therefore, it is possible to 
avoid loosening of the bolt 6 or breakage thereof due to 
fatigue, prolonging the life thereof, and hence positively 
hold the engine (vibration source) on the chassis of the 
vehicle. The fastening force of the bolt 6 is set to a value 
just sufficient to apply a compressive force to the elec- 
trostrictive laminates 20a, 30a, and at the same time, 
the aforementioned total length L is constant, so that the 
displacement of the electrostrictive laminates 20a, 30a 
are not restricted by the compressive force, so that the 
electrostrictive laminates 20a, 30a of the driving mem- 
bers 20, 30 can expand and contract in the opposite 
manners without being adversely affected by the com- 
pressive force, in response to the control voltages ap- 
plied thereto. This enables positive and accurate control 
of the transmission of the engine vibration from the 
bracket 4 to the base 5. 

Next, a fourth embodiment and variations thereof 
will be described with reference to Figs. 11 to 17. 

In Figs. 11 to 17, identical or corresponding ele- 
ments and parts are designated by identical reference 
numerals. 

Fig. 11 shows a vibration control assembly 1 of a 
vibration control system according to the fourth embod- 
iment, which is also embodied as an engine nrK)unt. 

The vibration control assembly 1 comprises a pair 
of driving members 102, 103 each formed of negative- 
magnetostrictive elements having a characteristic that 
they contract when they are placed in a magnetic field, 
coils 104, 105 wound around the negative-magneto- 
strictive elements 102, 103, for generating magnetic 
fields in which the negative-magnetostrictive elements 
1 02, 1 03 are placed, magnetic members 1 06 to 1 09, and 
a bolt (fastening member) 110. 

The negative-magnetostrictive elements 102. 103 
(hereinafter respectively referred to as "the upper driv- 
ing member 102" and *the lower driving member 103") 
are arranged such that they hold therebetween a brack- 
et (support means) 1 1 1 fixed to the engine, and the tower 
driving member 103 is located between the bracket 104 
and a base 112 fixed to the chassis of the vehicle. The 
magnetic members 106 and 107 are arranged on the 
upper and lower end faces of the upper driving member 
102, and the magnetic members 108 and 109 are ar- 
ranged on the upper and lower end faces of the lower 
driving member 1 03. respectively. The upper and lower 
driving members 102, 103 and the bracket 104 are se- 
cured to the base 11 2 by a bolt (fastening means) 6 ex- 
tending through the members 102, 103 and the bracket 
104 for supporting the engine. 

The negative-magnetostrictive elements, i.e. the 
driving members 102, 103 are made of a metallic mate- 
rial having a small Young's modulus. For example, as- 



suming that the fastening force of the bolt 1 10 is several 
tens of thousands N (newton), and pressure (compres- 
sive force) acting on the driving member per unit area 
is several thousands N, the driving members 102, 103 
s are deformed by several hundreds to one thousand and 
several hundreds PPM. 

The colls 1 04, 1 05 are supplied with control currents 
as shown in Figs. 1 3a, 1 3b from a common power sup- 
ply 120 appearing in Fig. 12. More specifically, the pow- 
er supply 120 Is controlled by an electronic control unit 
(hereinafter referred to as "the ECU") 130 in response 
to the waveform of engine vibration detected thereby 
such that control current as shown in Fig. 1 3a is supplied 
to the upper driving member 102 and control current as 
shown in Fig. 13b is supplied to the lower driving mem- 
ber 103, in an alternating manner per each cycle of the 
waveform of the engine vibration. 

As shown in Fig. 12, the power supply 120 includes 
a first power supply circuit 120A and a second power 
supply circuit 120B. The power supply circuit 120A is 
comprised of a rectifying element 121, a switching ele- 
ment 1 23, and a magnetic flux-detecting coil 1 25 for de- 
tecting a magnetic flux generated by the coil 104 and 
supplying a magnetic flux-indicative signal, and the 
power supply circuit 120B is comprised of a rectifying 
element 122, a switching element 124, and a magnetic 
flux-detecting coil 11 6 for detecting a magnetic flux gen- 
erated by the coils 105. The power supply 120 operates 
such that when the switching element 123 is supplied 
with a positive pulse (i.e. when a pulse signal supplied 
thereto is at a high level), it turns on to allow electric 
current to flow through the coil 104, and when the 
switching element 124 is supplied with a positive pulse 
(I.e. when a pulse signal supplied thereto is at a high 
level), it turns on to allow electric current to flow through 
the coil 105. 

On the other hand, the ECU 130 is supplied with a 
signal Indicative of the waveform of the engine vibration 
and the magnetic flux-indicative signals from the mag- 
netic flux-detecting coils 125 and 126. The amount of 
contraction of the driving member 102 is proportional to 
the the magnitude of magnetic flux generated by the coil 
1 04 and that of the driving member 103 is proportional 
to the magnitude of magnetic flux generated by the coil 
105. Therefore, the ECU 130 controls the switching el- 
ements 123. 124 such that the magnetic fluxes alter- 
nately generated by the coil 104 and the coil 105 cause 
displacement (expansion and contraction) of the lower 
driving member 103 having a waveform closer to the 
waveform of the engine vibration and displacement of 
the upper driving member 102 having a waveform op- 
posite in phase and identical In amplitude to the wave- 
form of the engine vibration. 

Next, the operation of the vibration control system 
according to the fourth embodiment will be described. 

Let it be assumed that the fastening force of the bolt 
110 is several tens of thousands N (newton). Then, the 
upper and lower driving members 102, 103 will be resil- 



75 



20 



25 



30 



35 



40 



45 



SO 



10 



19 



EP 0 545 264 B1 



20 



ientty deformed (i.e. contracted) by several hundreds to 
one thousand and several hundreds PPM. 

With the members 102, 1 03 in this deformed state, 
the power supply 1 20 supplies control current as shown 
in Fig. 1 3a to the coll 104 to cause generation of a mag- 
netic field acting on the upper driving member 102, 
whereupon the upper driving member 1 02 is further con- 
tracted by an additional resilient defornnation of several 
hundreds PPM, and at the same time the lower driving 
member 1 03, on which no magnetic field then acts, elon- 
gates or expands due to its own resiliency to a degree 
corresponding to the additional contraction of the upper 
driving member 102. On this occasion, the coil 104, 
which is supplied with the control current shown in Fig. 
1 3a, generates the magnetic field of which the magnetic 
flux varies as indicated by the solid line in Fig. 14a, and 
the upper driving member 102 is contracted to the max- 
imum degree when the magnetic flux assumes the max- 
imum magnitude. 

On the other hand, the power supply 120 supplies 
control current as shown in Fig. 13b to the coil 105. to 
cause generation of a magnetic field acting on the lower 
driving member 1 03, whereupon the lower driving mem- 
ber 103 is further contracted by an additional resilient 
deformation of several hundreds PPM, and at the same 
time the upper driving member 102, on which no mag- 
netic field then acts, elongates or expands due to its own 
resiliency to a degree corresponding to the additional 
contraction of the lower driving member 103. On this oc- 
casion, the coil 105, which is supplied with the control 
current shown in Fig. 13b, generates the magnetic field 
of which the magnetic flux varies as indicated by the bro- 
ken line in Fig. 14b, and the lower driving member 103 
is contracted to the maximum degree when the magnet- 
ic flux assumes the maximum magnitude. 

Thus, by alternately placing the upper and lower 
driving members 102. 103 in the magnetic fields, when 
the upper driving member 102 contracts, the lower driv- 
ing member 1 03 expands or elongates, and vice versa, 
as shown in Figs. 15a to 15e. This causes the bracket 
11 1 to move up and down, or cause displacement of the 
bracket 1 1 1 relative to the base 1 1 2, as indicated by the 
solid line in Figs. 15a to 15e, with the total length of the 
members fastened by the bolt 110 being maintained 
constant, whereby the engine vibration is suitably con- 
trolled. Therefore, by varying the magnetic flux of the 
magnetic fields alternately acting on the upper and lower 
driving members 102, 103, respectively, the character- 
istic of vibration transmission control of the vibration 
control system can be varied. 

Fig. 16 shows a first variation of the fourth embod- 
iment, in which the magnetic members 1 07 and 1 08 ap- 
pearing in Fig. 1 1 are replaced by portions of the bracket 
111. 

The assembly 1 according to this variation is more 
simplified in construction and reduced in weight than 
that of the fourth embodiment. 

Fig. 17 shows a second variation of the fourth em- 



bodiment, in which the magnetic member 1 09 of the first 
variation appearing in Fig. 17 is replaced by a portion of 
the base 112. 

The assembly 1 according to this variation is still 
s more simplified in construction and reduced in weight 
than that of the first variation. 

Although in the above described embodiments the 
bwer driving member is deformed or displaced in the 
same phase with the engine vibration white the upper 
10 driving member is deformed or displaced in opposite 
phase to the engine vibration, this is not limitative, but, 
for example, it may be so arranged that the lower driving 
member is deformed or displaced with a suitable phase 
difference from the engine vibration so as to control the 
IS transmission of vibrations from a vibration source in var- 
ious manners other than shutting-off of transmission of 
vibrations from the vibration source to a base. For ex- 
ample, the magnitude of vibrations from a vibration 
source may be controlled to a desired level. 
20 The vibration control system 1 of the invention is not 
limitated in use to an engine mount for controlling the 
transmission of vibrations from the engine as the vibra- 
tion source to the chassis of the vehicle, but it may be 
widely applied as means for controlling the transmission 
25 of vibrations from a vibration source other than an en- 
gine to a base supporting the vibration source. 

Next, the active control of vibration and noise oc- 
curring in an automotive vehicle by the use of a vibration 
control system according to the Invention, constructed 
30 as above will be described, by way of example, with ref- 
erence to Fig. 18. 

As shown in the figure, the engine E is supported 
on the chassis 160 of the vehicle, at two locations, by 
means of two engine mounts each formed by the vibra- 
35 tion control system assembly 1 of the vibration control 
system 1 of the fourth embodiment having a variable vi- 
bration transmission control characteristic, and at one 
location, by means of an ordinary or conventional en- 
gine mount 161 having an invariable vibration transmis- 
40 sion control characteristic. Further, the engine E is sup- 
ported by means of a suspension system provided be- 
tween driving wheels and the chassis 1 60, as well as by 
support means 165 supporting an exhaust pipe 164. Vi- 
bration sensors 171. 172 are arranged on the floor of 
45 the compartment and on a steering wheel, respectively, 
and a microphone 173 on the ceiling of the compart- 
ment. 

The active vibration transmission control system 
comprises at least one vibration control assembly 1 ar- 
50 ranged in at least on vibration-transmitting path through 
which vibrations are transmitted from the engine or the 
road surface to the chassis 60 of the vehicle, one exam- 
ple of which is shown in Fig. 18. The vibration transmis- 
sion control characteristic of the vibration control as- 
55 sembly 1 Is varied by the use of at least one adaptive 
digital filter, not shown, such that the total amount of vi- 
brations or noise transmitted to particular points in the 
compartment by way of all the vibratbn-transmltting 
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magnet (23, 33) of the other driving member (2, 3) 
being identical to that of said biasing magnetic field 
generated by said permanent magnet (23. 33) of the 
other driving member (2, 3), said control means (9) 
s supplying said coils (22, 32) with control currents 
having substantially the same magnitude, as said 
at least one control signal. 

3. A vibration control system according to claim 1, 
10 wherein said driving members (2, 3) each comprise 

a magnetostrlctive element (21, 31 ), a coil (22. 32) 
wound around said magnetostrlctive element (21, 

31) , and a permanent magnet (23, 33) placing said 
magnetostrlctive element (21 , 31 ) in a biasing mag- 

is netic field, the direction of winding of said coll (22, 

32) of one of said driving members (2, 3) being iden- 
tical to that of winding of said coil (22, 32) of the 
other driving member (2. 3), the direction of said bi- 
asing magnetic field generated by said permanent 

20 magnet (23, 33) of the other driving member (2, 3) 
being opposite to that of said biasing magnetic field 
generated by said permanent magnet (23, 33) of the 
other driving member (2, 3), said control means (9) 
supplying said coils (22, 32) with control currents 

25 having substantially the same magnitude, as said 
at least one control signal. 

4. A vibration control system according to claim 1, 
wherein said driving members (20, 30) each com- 

30 prise an electrostrlctive element, said electrostric- 
tive element being supplied with a control voltage 
as said at least one control signal, said control volt- 
age applied to one of said electrostrlctive elements 
having the same absolute value with and being op- 

35 poslte in phase to said control voltage applied to the 
other electrostrlctive element, said control means 
previously applying a biasing charge to each of said 
electrostrlctive elements before supplying said con- 
trol voltage thereto. 

40 

5. A vibration control system according to claim 4, 
wherein said electrostrlctive element is formed of a 
laminate (20a, 30a) of electrostrlctive elements. 

45 6. A vibration control system according to claim 1 , 
wherein said driving members each comprise a 
negative-magnetostrlctive element (102, 103) hav- 
ing a characteristic that It contracts when placed In 
a magnetic field, a pair of magnetic members (106, 

so 1 07, 1 08, 1 09) holding said negative-magnetostric- 
tive element therebetween, and a coll (104, 105) 
wound around said negative-magnetostrictrve ele- 
ment, said control means (1 30) supplying said colls 
with respective control currents, as said at least one 

ss control signal, separately from each other. 



paths becomes the minimum. 

In the example shown in Fig. 18, two vibration con- 
trol assemblies 1 having a variable vibration transmis- 
sion control characteristic are arranged in two of the vi- 
bration-transmitting paths. According to the system, the 
vibration transmission control characteristic of the as- 
semblies 1 is varied by the use of adaptive digital filters 
such that the total amount of vibrations (detected by the 
vibration sensors 171 and 172) or noise (detected by 
the microphone 173) transmitted to particular points in 
the compartment by way of all the vibration-transmitting 
paths becomes the minimum. 



Claims 

1. A vibration control system for controlling transmis- 
sion of vibrations from a vibration source to a base 
(5, 112), including a vibration control assembly (1) 
having support means (4, 1 1 1 ) fixed to said vibration 
source, a pair of driving members (2, 3; 20, 30; 1 02, 
103) deformable or displaceable In opposite direc- 
tions and by substantially the same amount in re- 
sponse to at least one control signal corresponding 
to said vibrations from said vibration source, fasten- 
ing means (6, 110) securing said support means (4, 
111) and said driving members (2, 3; 20. 30; 102, 
103) together, and control means (9, 80, 130) for 
supplying said control signal to said driving mem- 
bers, 

characterized in that: 

said pair of driving members hold said support 
means (4, 111) therebetween with one (3, 103) 
of said driving members (2, 3; 20, 30; 1 02, 1 03) 
being arranged between said support means 
(4, 111) and said base (5, 112); and 
said fastening means (6, 110) extends through 
said driving members (2, 3; 20. 30; 102, 103) 
and said support means (4, 111) from the side 
of the other driving member (2, 102) not being 
arranged between said support means (4, 111 ) 
and said base (5, 112) to said base (5, 112) to 
secure said driving members (2, 3; 20, 30; 102, 
103) and said support means (4, 111) to said 
base (5, 112). 

2. A vibration control system according to claim 1, 
wherein said driving members (2, 3) each comprise 
a magnetostrictlve element (21, 31), a coil (22, 32) 
wound around said magnetostrlctive element (21, 

31) , and a pemrianent magnet (23, 33) placing said 
magnetostrictlve element (21 , 31 ) In a biasing mag- 
netic field, the direction of winding of said coil (22, 

32) of one of said driving members (2, 3) being op- 
posite to that of winding of said coil (22, 32) of the 
other driving member (2, 3), the direction of said bi- 
asing magnetic field generated by said pemnanent 



7. A vibration control system according to claim 6, 
wherein said colls (104, 105) are alternately sup- 
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plied with said respective control currents per one 
cycle of a waveform of said vibrations from said vi- 
bration source. 

8. A vibration control system according to claim 7, s 
wherein at least one (107, 108) of said magnetic 
members is formed by a portion of said support 
means (111). 

9. A vibration control system according to claim 7, io 
wherein one (109) of said magnetic members Is 
formed by a portion of said base (112). 

10. A vibration control system according to claim 1, 
wherein said driving members (2, 3) each Include a is 
magnetostrictlve element (21 , 31 ) and a coil (22. 32) 
wound around said magnetostrictlve element (21, 
31). said magnetostrictlve element being expansi- 
ble and contractlble In response to a magnetic field 
generated by said coll (22, 32). 20 

11. A vibration control system according to claim 1, 
wherein said driving members (20, 30) each Include 
an electrostrictive element (20a, 30a) expansible 
and contractlble in response to a control voltage ap- 2S 
plied thereto. 

12. A vibration control system according to claim 1, 
wherein said driving members each include a neg- 
atlve-magnetostrictive element (102, 103) and a 30 
coil (104, 105) wound around said negative-mag- 
netostrictive elements (102, 103), said negative 
negative-magnetostrictlve element being only con- 
tractlble in response to a magnetic field generated 

by said coil (104, 105). 3S 

13. A vibration control system for controlling transmis- 
sion of vibrations from a vibration source to a base 
(112), including a vibration control assembly (1) 
having support means (111 ) fixed to said vibration 40 
source, a pair of driving members deformable or 
displaceable in opposite directions and by substan- 
tially the same amount in response to at least one 
control signal corresponding to said vibrations from 
said vibration source, fastening means (11 0) secur- 

ing said support means (111) and said driving mem- 
bers (102, 103) together, and control means (130) 
for supplying said control signal to said driving 
members, 

characterized in that: so 

said pair of driving members hold said support 
means (111) therebetween with one (103) of 
said driving members (102, 103) being ar- 
ranged between said support means (111) and ss 
said base (112); and 

said driving members are alternately supplied 
with said respective control signal per one cycle 
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of a waveform of said vibrations from said vi- 
bration source by said control means (1 30). 

14. A vibration control system according to claim 13, 
wherein said driving members (1 02, 1 03) each com- 
prise a negative-magnetostrictive element having a 
characteristic that it contracts when placed in a 
magnetic field, a pair of magnetic members (106, 
107, 108, 109) holding said negative-magnetostric- 
tive element therebetween, and a coil (104, 105) 
wound around said negative-magnetostrictlve ele- 
ment. 

15. A vibration control system according to claim 1 3 or 
1 4, wherein at least one (1 07, 1 08) of said magnetic 
members is formed by a portion of said support 
means (111). 

16. A vibration control system according to claim 13 or 
1 4, wherein one (1 09) of said magnetic members is 
formed by a portion of said base (112). 

17. A vibration control system according to claim 13, 
wherein said driving members each comprise an 
electrostrictive element formed of a laminate (20a, 
30a) of electrostrictive elements. 



Patentanspruche 

1. Schwingungssteuer-/-regelsystem zum Steuern/ 
Regein einer Schwingungsubertragung von einer 
Schwingungsquelle zu einer Basis (5, 112), umfas- 
send: eine Schwingungssteuer-Z-regelbaugruppe 
(1) mit an der Schwingungsquelle befesttgten Hal- 
temitteln (4, 111), ein Paar Antriebselemente (2. 3; 
20, 30; 102,103), die in entgegengesetzte Richtun- 
gen und um im wesentlichen den gleichen Betrag 
In Antwort auf wenigstens ein den Schwingungen 
von der Schwingungsquelle entsprechendes Steu- 
ersignal verformbar oder verlagerbar sind, Befesti- 
gungsmittel (6, 1 1 0), die das Haltemittel (4, 111 ) und 
die Antriebselemente (2, 3; 20, 30; 102. 103) zu- 
sammen sichern sowie Steuer-ZRegelmittel (9. 80, 
1 30) zum Lief em des Steuersignals an die Antriebs- 
elemente, dadurch gekennzelchnet, da3 

das Paar von Antriebselementen die Haltemit- 
tel (4, 111) zwischen sich halten, wobel eines 
(3. 103) der Antriebselemente (2, 3; 20, 30; 
102, 103) zwischen den Haltemittein (4, 111) 
und der Basis (5, 112) angeordnet ist; und 
daB sich die Befestigungsmittel (6, 110) durch 
die Antriebselemente (2, 3; 20, 30; 102, 103) 
und die Haltemittel (4, 1 1 1 ) zu der Basis (5, 1 1 2) 
von der Seite des anderen Antriebselements 
(2, 1 02) erstrecken, die nicht zwischen den Hal- 
temittein (4, 111) und der Basis (5, 112) ange- 
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ordnet ist, urn die Antriebselemente (2, 3; 20, 
X; 1 02. 1 03) und die Haltemittel (4, 111 ) an der 
Basis (5, 112) zu sichern. 

2. Schwingungssteuer-Aregelsystem nach Anspruch s 
1, bei welcher die Antriebselemente (2, 3) jeweils 
umfassen: ein magnetostriktives Element (21, 31), 
eine um das magnetostriktive Element (21, 31) ge- 
wickelte Spule (22, 32) sowie einen Permanentma- 
gneten (23, 33), der das magnetostriktive Element io 
(21 , 31 ) in ein Vormagnetisierungsfeld setzt. wobei 

die Wicklungsrichtung der Spule (22, 32) eines der 
Antriebselemente (2, 3) entgegengesetzt zu der 
Wicklungsrbhtung der Spule (22. 32) des anderen 
Antriebselements (2. 3) ist, wobei die Richtung des is 
von dem Permanentmagenten (23, 33) des ande- 
ren Antriebselements (2, 3 ) erzeugten Vormagne- 
tisierungsteldes mit der des von dem Permanent- 
magneten (23, 33) des anderen Antriebselements 
(2, 3) erzeugten magnetischen Feldes identisch ist, 20 
wobei die SteuerVRegelmittel (9) die Spulen (22, 
32) mit Steurstromen versorgen, welche tm wesent- 
ibhen die gleiche Gr63e wie die des wenlgstens ei- 
nen Steuersignals aufweisen. 

2S 

3. Schwingungssteuer-Z-regeisystem nach Anspruch 
1, bei welchem die Antriebselemente (2, 3) jeweils 
umfassen: ein magnetostriktives Element (21, 31), 
eine um das magnetostriktive Element (21 , 31 ) ge- 
wickelte Spule (22, 32) sowie einen Permanentma- 30 
gneten (23, 33), der das magnetostriktive Element 
(21, 31) in ein Vormagnetisierungsfeld setzt, wobei 

die Wicklungsrichtung der Spule (22, 32) eines der 
Antriebselemente (2, 3) mit der Wicklungsrichtung 
der Spule (22, 32) des anderen Antriebselements 3S 
(2, 3) identisch ist, wobei die Richtung des von dem 
Permanentmagneten (23, 33) des anderen An- 
triebselements (2, 3) erzeugten Vormagnetisie- 
rungsfeldes entgegengesetzt zu der des von dem 
Permanentmagneten (23, 33) des anderen An- 40 
triebselements (2, 3) erzeugten magnetischen Fel- 
des ist, wobei die Steuer-ZRegelmlttel (9) die Spulen 
(22, 32) mit Steuerstromen versorgen, welche im 
wesentlichen die gleiche GroBe wie das wenlgstens 
eine Steuersignal aufweisen. 

4. Schwingungssteuer-Aregelsystem nach Anspruch 
1 . bei welchem die Antriebselemente (20, 30) je- 
weils ein elektrostriktives Element umfassen, wobei 
das elektrostrikttve Element mit einer Steuerspan- so 
nung wie das wenlgstens eine Steuersignal ver- 
sorgt wird, wobei die an eines der elektrostriktiven 
Elemente angelegte Steuerspannung den gleichen 
absoluten Wert und die entgegengesetzte Phase 
aufwelst wie die auf das andere elektrostriktlve Ele- ss 
ment angelegte Steuerspannung, wobei die Steu- 
er-/Regelmittel vorher eine Vorbelastung auf jedes 
der elektrostriktiven Elemente ausQben. bevor die- 



sen die Steuerspannung geliefert wird. 

5. Schwingungssteuer-Aregelsystem nach Anspruch 
4, bei welchem das elektrostriktlve Element aus ei- 
nem Laminat (20a. 30a) von elektrostriktiven Ele- 
menten gebildet Ist. 

6. Schwingungssteuer-Aregelsystem nach Anspruch 
1, bei welchem die Antriebselemente jeweils um- 
fassen: ein negativ-magnetostrlktlves Element 
(102, 103) mit einer Charakteristik, da3 es sich zu- 
sammenzieht, wenn es in ein magnetisches Feld 
gesetzt wird. ein Paar nnagnetischer Elemente 
(106, 107, 108, 109), diedasnegativ-magnetostrik- 
tive Element zwischen sich halten, sowie eine um 
das negativ-magnetostriktive Element gewlckelte 
Spule (104, 105), wobei die Steuer-ZRegelmlttel 
(130) die Spulen getrennt voneinander mit jeweili- 
gen Steuerstromen versorgen wie das wenlgstens 
eine Steuersignal. 

7. SchwIngungssteuer-Z-regelsystem nach Anspruch 

6, bei welchem die Spulen (104, 105) pro Zyklus 
einer Wellenform der Schwingungen von der 
Schwingungsquelle wechselwelse mit den jeweili- 
gen Steuerstromen versorgt werden. 

8. Schwingungssteuer-Z-regelsystem nach Anspruch 

7, bei welchem wenlgstens eines (107, 108) der 
magnetischen Elemente von einem Tell der Halte- 
mittel (111) gebildet ist. 

9. Schwingungssteuer-Z-regelsystem nach Anspruch 
7, bei welchem eines (109) der magnetischen Ele- 
mente von einem Teil der Basis (112) gebildet ist. 

10. Schwingungssteuer-Z-regelsystem nach Anspruch 
1 , be! welchem die Antriebselemente (2, 3) jeweils 
ein magnetostriktives Element (21 , 31 ) und eine um 
das magnetostriktive Element (21 , 31 ) gewlckelte 
Spule (22, 32) umfassen, wobei das magnetostrik- 
tive Element dehnbar und kontrahierbar ist in Ant- 
wort auf ein durch die Spule (22, 32) erzeugtes ma- 
gnetisches Feld. 

11. SchwingungssteuerV-regelsystem nach Anspruch 
1, bei welchem die Antriebselemente (20, 30) je- 
weils ein elektrostriktives Element (20a, 30a) um- 
fassen. das dehnbar und kontrahierbar ist in Ant- 
wort auf eine an dieses angelegte Steuerspannung. 

12. SchwingungssteuerV-regelsystem nach Anspruch 
1 , bei welchem die Antriebselemente jeweils ein ne- 
gativ-magnetostriktives Element (102, 103) und ei- 
ne um das negativ-magnetostriktive Element (102, 
103) gewickelte Spule (104, 105) umfassen, wobei 
das negativ-magnetostriktive Element in Antwort 
auf ein von der Spule (1 04. 1 05) erzeugtes magne- 
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tisches Feld lediglich kontrahierbar ist. 

13. SchwingungssteuerV-regelsystem zum Steuem/ 
Regein von Schwingungsubertragungen von etner 
Schwlngungsquelle zu einer Basis (112). umfas- s 
send: eine Schwingungssteuer-Aregelbaugruppe 

(1) mit an der Schwingungsquelle befestigten Hal- 
temitteln (111), ein Paar Antriebselemente, die in 
entgegengesetzte Richtungen und urn tm wesentli- 
chen den gleichen Betrag in Antwort auf wenigstens io 
ein den Schwingungen von der Schwingungsquelle 
entsprechendes Steuersignal verformbaroder ver- 
lagerbar sind. Befestigungsnnittel (110), die die Hal- 
temittel (111) und die Antrlebselennente (102, 103) 
zusammen sichern und Steuer-ZRegelmittel (130) is 
zum Liefern des Steuersignals an die Antriebsele- 
mente, dadurch gekennzelchnet, da3 das Paar 
von Antriebselementen die Haltemittel (111) zwi- 
schen sicli halten, wobei eines (103) der Antriebs- 
elemente (102, 103) zwischen den Haltemittein 20 
(111) und der Basis (112) angeordnet ist; und daB 
die Antriebselemente pro Zyklus einer Wellenform 
der Schwingungen von der Schwingungsquelle 
durch die Steuer-ZRegelmittel (1 30) wechselweise 
mit dem jeweiligen Steuersignal versorgt werden. 2S 

14. Schwtngungssteuer-Aregelsystem nach Anspruch 
13, bei welchem die Antriebselemente (102, 103) 
jeweils umtassen: ein negativ-magnetostriktives 
Element mit einer Charakteristik, daB es sich zu- 
sammenzieht, wenn es in ein magnetisches Feld 
gesetzt wird, ein Paar von magnetischen Elemen- 
ten (106, 107, 108, 109), die das negativ-magneto- 
striktive Element zwischen sich halten sowie eine 
um das negativ-magnetostriklrve Element gewik- 
kelte Spule (104. 105). 

15. Schwingungssteuer-Aregelsystem nach Anspruch 
13 Oder 14, bei welchem wenigstens eines (107, 
108) der magnetischen Elemente von einem Teil 40 
der Haltemittel (111) gebiMet ist. 

16. Schwingungssteuer-Aregelsystem nach Anspruch 
13 Oder 14, bei welchem eines (109) der magneti- 
schen Elemente von einem Teil der Basis (1 1 2) ge- ^ 
bildet ist. 

17. Schwingungssteuer-Aregelsystem nach Anspruch 
1 3, bei welchem die Antriebselemente jeweils ein 
aus einem Laminat (20a, 30a) von eleklrostriktiven so 
Elementen gebildetes elektrostriktives Element 
umfassen. 



Revendications 

1 . Systdme de contrdle de vibrations pour commander 
une transmission de vibrations depuis une source 



de vibrations jusqu'S une embase (5, 1 1 2), compre- 
nant un dispositif (1) de commande de vibrations 
prdsentant des moyens de support (4, 11 1 ) assujet- 
tis k ladite source de vibrations, une paire 
ments d'entrainement (2, 3 ; 20. 30 ; 102. 103) d6- 
formables ou d^plafables dans des directions op- 
pos6es, et pour I'essentiel de la m3me distance, en 
rdponse d au moins un signal de commande cor- 
respondant auxdites vibrations provenant de ladite 
source de vibrations, des moyens de fixation (6, 
110) assurant I'assujettissement mutuel desdits 
moyens de support (4, 111) et desdits elements 
d'entrainement (2, 3; 20, 30; 102, 103), et des 
moyens de commande (9, 80, 1 30) pour apptiquer 
ledit signal de commande auxdits dl^ments d'en- 
trainement, 

caract^rlsd par le fait que : 

lesdits deux Elements d'entrainement retien- 
nent entre eux lesdits moyens de support (4, 
111), Tun (3, 103) desdits elements d'entraine- 
ment (2, 3 ; 20, 30 ; 102, 103) 6tant interpose 
entre lesdits moyens de support (4, 111) et la- 
dite embase (5, 112) ; et 
lesdits moyens de fixation (6, 110) traversent 
lesdits 6l6ments d'entrainement (2. 3 ; 20, 30 ; 
102, 103) et lesdits moyens de support (4, 111) 
k parti r du cote de I'autre element d'entraine- 
ment (2, 102) non interpose entre lesdits 
moyens de support (4, 111) et ladite embase 
(5, 112), jusqu'^ ladite embase (5, 112), afin 
d'assujettir lesdits Elements d'entrainement (2, 
3 ; 20, 30 ; 102, 103) et lesdits moyens de sup- 
port (4, 111) a ladite embase (5, 112). 

Syst^me de controle de vibrations selon la reven- 
dication 1 , dans lequel lesdits Elements d'entraine- 
ment (2, 3) comprennent chacun un element ma- 
gn6tostrictif (21. 31), une bobine (22, 32) enroul6e 
autour dudit 6l6ment magndtostrictif (21 , 31 ), et un 
aimant permanent (23, 33) plagant led'it element 
magn6tostrictif (21,31) dans un champ magn6tique 
de sollicitation, la direction d'enroulement de ladite 
bobine (22, 32) de I'un desdits Elements d'entraine- 
ment (2, 3) dtant oppos^e k celle de Tenroulement 
de ladite bobine (22, 32) de I'autre 6l6ment d'entrai- 
nement (2, 3), la direction dudit champ magn^tique 
de sollicitation, engendre par ledit aimant perma- 
nent (23, 33) de I'autre 6l6ment d'entrainement (2, 
3), etant identique k celle dudit champ magn^tique 
de sollicitation engendr6 par ledit aimant perma- 
nent (23, 33) de I'autre 6l6ment d'entrainement (2, 
3), ledit moyen de commande (9) ddlivrant, auxdites 
bobines (22, 32), des courants de commande pre- 
sentant, pour Tessentlel, la m§me intensitd que ledit 
signal de commande pr6vu au minimum. 

3. Systfeme de controle de vibrations selon la reven- 
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dication 1 , dans lequel lesdits 6!6ments d'entraine- 
ment (2, 3) comprennent chacun un 6l6ment ma- 
gnStostrictif (21. 31), une bobine (22. 32) enroulde 
autour dudit dlSment magnStostrictif (21 , 31 ), et un 
aimant permanent (23, 33) pla^ant ledit 6l6ment 
magn6tostrictif (21 , 31 ) dans un champ magnetique 
de solllcltation, la direction d'enroulement de ladite 
bobine (22. 32) de I'un desdits ^Idments d'entraine- 
ment (2, 3) 6tant identique § celle de I'enroulement 
de ladite bobine (22, 32) de ('autre 6l6ment d'entral- 
nement (2, 3). la direction dudit champ magnetique 
de sollicitation. engendr§ par ledit aimant perma- 
nent (23. 33) de I'autre 61§ment d'entraTnement (2, 
3), 6tant opposSe ^ celle dudit champ magnetique 
de sollicitation engendr^ par ledit aimant perma- 
nent (23, 33) de I'autre element d'entrainement (2, 
3), ledit moyen de commande (9) d61ivrant, auxdites 
bobines (22. 32), des courants de commande pre- 
sentant, pour I'essentiel, la meme intensite que ledit 
signal de commande pr6vu au minimum. 

4. Systeme de controle de vibrations selon la reven- 
dication 1 , dans lequel lesdits elements d'entraTne- 
ment (20, 30) comprennent chacun un element 
6lectrostrictif. ledit Element 6lectrostrictif 6tant ali- 
ments en une tension de commande repr6sentant 
ledit signal de commande pr6vu au minimum, ladite 
tension de commande, appliquee ^ Tun desdits ele- 
ments Slectrostrictits, prSsentant la m§me valeur 
absolue, avec opposition de phase, que ladite ten- 
sion de commande appliqu6e a I'autre element 
electrostrictif, lesdits moyens de commande impo- 
sant pr6alablement une charge de sollicitation a 
chacun desdits elements Slectrostrictifs. avant de 
lui ddlivrer ladite tension de commande. 

5. Systeme de controle de vibrations selon la reven- 
dication 4, dans lequel ledit element electrostrictif 
est forms d'une structure stratifiSe (20a, 30a) cons- 
titute d'Slements Slectrostrictits. 

6. SystSme de controle de vibrations selon la reven- 
dication 1 , dans lequel lesdits Si6ments d'entraine- 
ment comprennent chacun un element magnetos- 
trictif nSgatif (102, 103) ayant pour caractSristique 
de se contracter lorsqu'il est piacS dans un champ 
magnetique, une paire de pieces magnStiques 
(106, 107, 108. 109) retenant entre elles ledit ele- 
ment magnStostrictif nSgatit, et une bobine (104. 
105) enroulee autour dudit element magnetostrictif 
nSgatIf, ledit moyen de commande (130) dSIivrant 
auxdites bobines, sSparSment Tune de I'autre, des 
courants respectifs de commande reprSsentant le- 
dit signal de commande prevu au minimum. 

7. SystSme de contrdle de vibrations selon la reven- 
dication 6, dans lequel lesdites bobines (104, 105) 
sont alimentSes en alternance. par lesdits courants 
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respectifs de commande, lors de chaque cycle 
d'une forme d'onde desdites vibrations provenant 
de ladite source de vibrations. 

s 8. Systdme de contrdle de vibrations selon la reven- 
dication 7, dans lequel au moins Tune (107, 108) 
desdites pieces magnStiques est formSe par une 
region dudit moyen de support (111). 

10 9. SystSme de contrdle de vibrations selon la reven- 
dication 7, dans lequel I'une (109) desdites pieces 
magnStiques est formee par une region de ladite 
embase (112). 

IS 10. SystSme de controle de vibrations selon la reven- 
dication 1, dans lequel lesdits SISments d'entraine- 
ment (2, 3) comprennent chacun un 6l6ment ma- 
gnStostrictif (21 , 31 ) et une bobine (22, 32) enroulSe 
autour dudit element magnStostrictif (21, 31), ledit 
20 SISment magnStostrictif pouvant etre diiatS et con- 
tracts en reponse ^ un champ magnStique engen- 
dre par ladite bobine (22, 32). 

11. Systeme de controle de vibrations selon la reven- 
25 dication 1 , dans lequel lesdits SISments d'entraine- 
ment (20, 30) prSsentent chacun un SlSment Slec- 
trostrictif (20a. 30a) pouvant dtre dilatS et contracts 
en rSponse k une tension de commande qui lui est 
appliquSe. 

30 

12. Systeme de controle de vibrations selon la reven- 
dication 1, dans lequel lesdits elSments d'entraine- 
ment comprennent chacun un Slement magnStos- 
trictif negatif (102. 103) et une bobine (104, 105) 

35 enroulSe autour desdits elSments magnStostrictifs 
nSgatifs (102, 103), ledit SlSment magnStostrictif 
nSgatif pouvant etre uniquement contracts en rS- 
ponse k un champ magnStique engendrS par ladite 
bobine (104, 105). 

40 

1 3. SystSme de controle de vibrations pour commander 
une transmission de vibrations depuis une source 
de vibrations jusqu'^ une embase (112), compre- 
nant un dispositif (1) de commande de vibrations 

45 prSsentant des moyens de support (111) assujettis 
k ladite source de vibrations, une paire d'SlSments 
d'entrainement dSformables ou deplagables dans 
des directions opposees, et pour I'essentiel de la 
mSme distance, en rSponse k au moins un signal 

so de commande correspondant auxdites vibrations 
provenant de ladite source de vibrations, des 
moyens de fixation (110) assurant I'assujettisse- 
ment mutuel desdits moyens de support (111) et 
desdits SISments d'entraTnement (102, 103). etdes 

55 nrK>yens de commande (1 30) pour appliquer ledit si- 
gnal de commande auxdits SISments d'entraine- 
ment, 

caractSrisS par te fait que : 
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lesdits deux 6l6ments d'entrainement retien- 
nent entre eux lesdits moyens de support (111), 
i'un (103) desdits 6i6ments d'entrainement 
(1 02, 1 03) 6tant interposd entre lesdits moyens 
de support (11 1 ) at ladite embase (1 1 2) ; et s 
lesdits Elements d'entrainement sont aliment^s 
en alternance par ledit signal respectif de com- 
mande, k I'atde desdits moyens de commande 
(1 30), lors de cheque cycle d'une forme d'onde 
desdites vibrations provenant de ladite source io 
de vibrations. 

14. Systdme de contrdle de vibrations sebn la reven- 
dication 1 3, dans lequel lesdits 6l6ments I'entraTne- 
ment (102, 103) comprennent chacun un §l6ment 
magn6tostrictif n^gatif ayant pour caract^ristique 
de se contracter lorsqu'il est plac6 dans un cliamp 
magn^tique, une paire de pieces magnetiques 
(106, 107, 108, 109) retenant entre elles ledit Ele- 
ment magn^tostrictif n§gatif. et une bobine (104, 20 
1 05) enroulee autour dudit element magnetostrictif 
negatif. 

15. Systeme de controie de vibrations selon la reven- 
dication 1 3 ou 14, dans lequel au moins I'une (107, 2S 
108) desdites pieces magnetiques est form6e par 
une region desdits moyens de support (111 ). 

16. Systeme de contrdle de vibrations selon la reven- 
dicatlon 13 ou 14, dans lequel I'une (109) desdites 30 
pieces magnetiques est form6e par une region de 
ladite embase (112). 

17. Systeme de controie de vibrations selon la reven- 
dication 1 3, dans lequel lesdits 6l6ments d'entra?- 3S 
nement comprennent chacun un 6I6ment 6lectros- 
trlctif forme d'une structure stratifiee (20a, 30a) 
constitute d'6l6ments tiectrostrictifs. 
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FIG.11 
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